The rapid advancements of high-throughput "omics" technologies have brought huge amount of data to process during and after experiments. Multi-omic analysis facilitates a deeper interrogation of a dataset, and discovery of interesting genes, proteins, lipids, glycans, or metabolites, or pathways related to the corresponding phenotypes in a study. Many individual software tools have been developed to analyze and visualize the data. However, integrating multiple omics data analysis strategies and approaches in a single data processing pipeline is still a challenge task.
Introduction
The advancements of high-throughput "omics" technologies, such as genomics, epigenomics, transcriptomics, proteomics, protein modifications, glycomics, lipidomics, and metabolomics, have produced incredible volume of data [1] [2] [3] [4] [5] [6] . It is predicted that the trend of generating large datasets will continue as novel technologies are developed and current approaches advance. In this era of omics data explosion, a simple, efficient bioinformatic analysis tool is critical to work with the large amount of data.
Individual tools, such as GiaPronto 7 , PANDA-view 8 , ImageGP (http://www.ehbio.com/ImageGP), offer select options for data analysis and visualization. However, integrating multiple data analysis strategies and approaches in a single data processing pipeline facilitates a deeper interrogation of a dataset, and discovery of interesting molecules or pathways related to the corresponding phenotypes in a study.
Here, we present the tool OmicsOne, a software developed in R, Python and Jupyter Notebook that can preprocess and analyze the multi-"omics" data. After user selected parameters, the results could be reported and visualized in a simple, one-click format. The pipeline includes statistical analysis, machine learning, and data visualization components based on several predefined templates integrated from previous publications 4, 6 . OmicsOne can simplify "omics" data analysis, and delineate genes and pathways associated to phenotypes. OmicsOne is hosted on GitHub (https://github.com/huizhanglab-jhu/OmicsOne) and can be downloaded to run locally or on cloud directly via mybinder.org.
Methods
OmicsOne is developed for intra-omics studies to discover molecular changes and pathways associated with phenotypes. The OmicsOne platform is composed of several essential data processing modules, including preprocessing, profiling, quality control, differential expression analysis, dimensionality reduction, clustering, and visualized reporting ( Table 1 ). The phenotype associations are investigated via the identification of molecules and pathways enriched in phenotypical classifications and statistical calculation of the significant ones. In the following sections, OmicsOne was applied on the public proteomic data set of ovarian cancer to demonstrate the functions 6 .
Input data and preprocess
OmicsOne requires a table of phenotype information and a table of expression matrix of quantitative "omics" data (.csv or .xlsx) both in 'wide format'. In the phenotype information table, each row represents a sample, while each column represents a phenotype. In the expression matrix, each column represents a sample, while each row represents a feature value, such as gene, protein, peptide, or post-translational modification (PTM) expression level.
The expression matrix will be preprocessed before further analysis if necessary. OmicsOne provides common preprocessing functions, including log-transformation, noise filter, missing value filtration, and normalization.
Data profiling and quality control
Understanding the data is always the first and critical step for all the following analysis. OmicsOne supports a series of statistical functions (e.g. sum, average, median, standard deviation) to profile samples, features (e.g. proteins), and phenotype information (Figure 1 Figure 2A ), followed by subsequent enrichment analysis (GSEApy 9-11 or WebGestaltR [12] [13] [14] [15] ) to discover up-/downregulated pathways ( Figure 2B ). OmicsOne will further calculate the association between the discovered pathways and phenotypes to obtain a comprehensive understanding of the roles of pathways in different conditions ( Figure 2C) . 
Conclusion
In summary, OmicsOne is an efficient tool to associate the molecular changes with phenotypes.
It was originally designed for isobarically labeled quantitative proteomics data (e.g. tandem-mass-tag (TMT) but can find applications in label-free quantitation and Data Independent Acquisition (DIA) datasets, as well as other "omics" data with proper preprocessing. The software uses predefined templates to build a robust, working pipeline for standard association analyses. Overall, OmicsOne will offer end users a simple, bioinformatic pipeline to identify genes, protein, PTMs, and pathways of interest to understand aberrant biological processes. 
